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Abstract
This paper assesses the technology involved in commercial forest harvesting and delivery 
operations. It investigates existing forest-based production capacity and its potential to supply 
the startup of large scale forest-based industries. A survey of harvesting and transportation 
workforce and technology was mailed to 1,130 logging firms operating in Michigan and four 
Wisconsin counties that adjoin Michigan’s Upper Peninsula. The response rate received was 
28%. The paper details and analyses the different operational matters, conditions, equipment 
and transportation use reported by logging firms. The study provides technical forest products 
operations information and methods for assessing the capacity of logging firms and markets 
looking to expand their businesses.
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involving	 survey	 focusing	 on	 logging	 production,	









3. Materials and methods
Dillman’s	»Total	Design	Method«	(Dillman	2000)	
was	implemented.	This	methodology,	as	opposed	to	
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((Eligible + ((Eligible/(Eligible + noneligible) ́  Ambiguous))


































entire	 state	 and	 the	 four	 Wisconsin	 neighboring	
counties.	We	could	not	control	the	response	rate,	but	
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Michigan’s	 forests	 cover	 over	 19	million	 acres.	
More	than	12	million	acres	are	privately	owned.	The	















































4.2.4 Product types and the size of harvested stands









Table 1 Percentage of wood volumes harvested from each prop-
erty type
Wood property type sources Percent
Non-industrial private lands 59.2%
Forest industry or real estate timber 10.0%
State forest lands 22.8%
National forest lands 4.4%
Other public lands 2.5%
Tribal lands 0.1%
Unsure of ownership 1.1%
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Table 2 Maximum, minimum and mean size of harvested stands 













Mean 7 64 19
Standard deviation 9 59 15
Median 10 100 16
Mode 10 80 16
Minimum 0 0 0
Maximum 97 275 101


























Table 3 Residue management options, percent
Residue management options Percent
Clearcut and leave residue 27.8%
Clearcut and remove residue 9.9%
Partial removal and leave residue 50.9%
Partial removal and remove residue 9.7%
Other method 1.7%







(2	miles).	Three	eliminated	 responses	 from	186	 re-
sponses	 reported	 an	unrealistic	 average	 extraction	
distance	of	5,	6	and	8	km.	whereas,	the	maximum	re-










skidding/forwarding	 distance	 averaged	 520	meters	
(0.25	miles)	with	a	standard	deviation	of	870	meters	(0.5	
miles)	based	on	177	responses.	Whereas	the	reported	
maximum	 forwarding/skidding	 distance	 averaged	
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ported	in	use	among	the	different	respondents	(Table	


















































Table 4 Technical analysis of harvesting equipment
Equipment type Number of units Model year Total machine hours Fuel use (l hr–1)
Cut-to-length 191 2003 ± 4.1* (132) 9,286 ± 6,543 (151) 18.55 ± 8.71 (142)
Feller buncher harvester 57 1996 ± 8.3 (35) 9,384 ± 6,696 (38) 23.85 ± 9.84 (37)
Feller delimber 4 1988 (1) 12,467 ± 6,788 (3) 10.22 ± 2.27 (3)
Forwarder 247 1997 ± 9.5 (153) 10,666 ± 6,138 (165) 12.11 ± 7.19 (159)
Harwarder 18 2001 ± 5 (5) 9,053 ± 7,586 (6) 8.33 ± 1.89 (5)
Chainsaw 569 2006 ± 4.9 (113) 668 ± 990 (36) 4.16 ± 2.27 (35)
Grapple skidder 86 1995 ± 8.1 (47) 11,583 ± 6,116 (31) 19.31 ± 8.71 (33)
Cable skidder 26 1976 ± 8.8 (17) 8,889 ± 3,772 (9) 9.08 ± 3.79 (11)
Loader 54 1996 ± 6.7 (30) 7,525 ± 7,429 (24) 14.38 ± 7.19 (26)
Grinder 9 2003 ± 1.0 (5) 2,459 ± 772 (6) 30.28 ± 3.41 (4)
Slasher 24 1995 ± 7.6 (14) 9,607 ± 7,140 (15) 14.76 ± 6.81 (18)
Delimber 8 1996 ± 8 (3) 6,220 ± 3,561 (5) 11.36 ± 0 (3)
Debarker 4 1997 ± 2 (2) 7,333 ± 1,155 (3) 50.35 ± 10.98 (3)
Chippers 31 1997 ± 9.1 (18) 8,798 ± 8,584 (17) 54.89 ± 33.69 (18)
Bulldozers 132 1992 ± 14.0 (72) 4,866 ± 3,226 (87) 14.38 ± 7.95 (79)
* For each item, the number following ± is the sample standard deviation and the value in parentheses is the number of survey responses from which the mean and 
standard deviation were calculated
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Table 5 Equipment mean age and utilization rates per year
Equipment 
type









Feller-delimber 23 542 27%
Forwarder 14 762 38%
Harwarder 10 905 45%




Cable skidder 35 254 13%
Loader 15 502 25%
Grinder 8 307 15%
Slasher 16 600 30%
Delimber 15 415 21%
Debarker 14 524 26%
Chippers 14 628 31%
Bulldozers 19 256 13%
* This is based on 8 hours per day for 5 days. There are 52 weeks in a year with 

























the	 skidder	 (9%).	Although	 the	 cut-to-length–	 for-
warder	configuration	was	reported	by	the	larger	num-













































roundwood	 harvesting	 productivity	 of	 different	
equipment	configurations.
D. Abbas et al. A Survey Analysis of Forest Harvesting and Transportation Operations in Michigan (179–192)









Table 6 Cut-to-length and forwarder productivity
Treatment Forest type
Productivity per harvester, t system h-1
N* Mean Std. dev.
30% cut (selective)
Natural hardwoods 54 6.97 2.88
Mixed hardwood/softwood 48 7.99 3.09
Natural softwoods 47 8.24 4.51
Softwood plantations 37 9.54 4.40
70% cut (shelterwood)
Natural hardwoods 43 8.53 3.76
Mixed hardwood/softwood 41 9.41 3.78
Natural softwoods 38 9.72 4.49
Softwood plantations 29 10.37 4.44
Clearcutting
Natural hardwoods 43 11.50 5.72
Mixed hardwood/softwood 47 11.83 5.22
Natural softwoods 40 12.67 5.82
Softwood plantations 35 14.54 8.39
* N is the number of harvesting equipment units included in the analysis
Table 7 Feller buncher harvester, skidder and slasher productivity
Treatment Forest type
Productivity per harvester, t system h-1
N* Mean Std. dev.
30% cut (selective)
Natural hardwoods 15 7.76 3.17
Mixed hardwood/softwood 15 7.64 2.73
Natural softwoods 13 7.03 2.75
Softwood plantations 8 8.37 1.94
70% cut (shelterwood)
Natural hardwoods 14 9.89 2.98
Mixed hardwood/softwood 15 9.66 2.96
Natural softwoods 16 10.47 3.34
Softwood plantations 9 11.25 3.61
Clearcutting
Natural hardwoods 13 14.23 5.59
Mixed hardwood/softwood 13 13.75 6.22
Natural softwoods 11 13.40 5.90
Softwood plantations 9 14.81 8.74
* N is the number of harvesting equipment units included in the analysis
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Table 8 Chainsaw and skidder productivity
Treatment Forest type
Productivity**, t system h-1
N* Mean Std. dev.
30% cut (Selective)
Natural hardwoods 32 4.21 2.78
Mixed hardwood/softwood 19 4.07 3.05
Natural softwoods 17 3.84 3.26
Softwood plantations 13 3.67 1.79
70% cut (shelterwood)
Natural hardwoods 20 4.59 3.36
Mixed hardwood/softwood 18 4.05 2.92
Natural softwoods 14 3.92 3.09
Softwood plantations 12 3.63 2.21
Clearcutting
Natural hardwoods 12 4.17 2.34
Mixed hardwood/softwood 14 3.99 1.92
Natural softwoods 13 2.96 1.25
Softwood plantations 9 3.71 2.30
* N is the number of harvesting equipment units included in the analysis



































Table 9 Trucking equipment descriptive summary
Year Fuel use, km l-1 Annual use, km yr-1






















* Numbers following ± represent standard deviations based on indicated num-
ber of respondents inside parentheses
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Table 10 Percentage of production delivered to different facilities





Other panel mill 4.0%
Oriented strand board mill 6.0%
Wood pellet fuel mill 1.1%








































(1) In past 6 months 9* 14.1%
(2) In past year 2 3.1%
(3) In past 3 years 3 4.7%
(4) In past 5 years 4 6.3%
(5) In past 10 years 5 7.8%
(6) In past 15 years 2 3.1%
(7) Not at all 39 60.9%
(8 ) No response 46 --












of	the	loggers.Fig. 1 Truck transport distances for main forest products
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1= not limiting, 
5 = extremely limiting
Lack of knowledge rail contractual 
arrangements
2.48±1.58
Reliability of service 3.53±1.47
Speed of delivery 3.39±1.45
Limited rail access in main work areas 3.49±1.64
Prices not competitive with other modes 3.03±1.51
Minimum shipment too large 2.49±1.69
Existing contract with other provider 2.12±1.57







responses,	 helped	 identify	 interconnectedness	 be-
tween	key	operational	matters	such	as	work	condi-
tions,	product	types,	and	equipment	and	transporta-




















timber	 are	 widely	 accessible.	 The	 productivity	 of	
equipment	from	the	survey	results	offer	a	chance	to	
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